INTRODUCTION
In order to improve agricultural practices and introduce root characters into the breeding program of crop plants, it is important to determine which of the morphological characters of the root system are modified and/or not modified under a certain soil environments. The development of root system of crop plant under field conditions is frequently accompanied with compensatory growth among root members, which is attributed to uneven soil environments. Therefore, in order to obtain accurate information on the root system morphology quantitatively and qualitatively, it is essential to study the root system which grew under an artificially controlled soil conditions and was collected without impairing its root members and without disarranging its structure.
Although many eff orts1-3) have been exerted on the improvement of the method for studying root system of crop plant, quantitative information on the root system structure is limited so far.4) For the purpose of studying the fine root system structure quantitatively, the container method including the root box-pinboard method which enables us to collect the whole root system with minimum loss, has been widely used.1,2,5) However, much attentions have not been paid to the soil environmental control in the container.
Thus, an experimental system which can control the soil environments artificially and can apply to the laboratory work needs to be improved to bring more fruitful information on the root system-soil interaction. Such a system needs to meet the following conditions; it is capable of (1) preparing the reproducible soil environments in the container with minimum deviation, (2) sampling and (3) preserving the root system for observation without any impairment or disturbance of its structure, and (4) taking photograph which offers its fine contrast figure for image analysis. Examining the individual methods which had been used so f ar,1-5) we attempted to integrate some of them into a set of laboratory-work techniques for studying the root system-soil interaction.
In the present paper, we described such a set of revised experimental system, and evaluated and discussed the practical usefulness of the method in relation to the control of some physical environmental factors of soil. 3) Watering the root box. The root boxes filled up with the soil were transferred into a tank of 50 cm depth, and then tap water was poured gently into the tank to fill up. The boxes were submerged for 30 min until bubbling ceased. Then the boxes were taken out of the tank, and erected vertically to allow to drain to field capacity. 4) Sowing and culturing plants. Prior to sowing, the soil surface was slightly cultivated by forceps to reduce evaporation, then seeds were sown on June 20, 1986. Three pregerminated seeds of upland rice (Oryza sativa L.) cultivar Normn No. 7 and maize (Zea mays L.) cultivar popcorn were sown at the center of root boxes. Each box was enclosed with a mirror sheet, originally made for sericulture, as shading, and a sheet of adiabator to avoid the temperature rise by sunlight. These boxes were transferred to a trench of 45 cm depth and 35 cm width and 200 cm length.
On the third day after sowing, seedlings were thinned to one plant per box. Watering was done by the submerging method mentioned above once a week.
To protect the plants from rain, they were placed in a screened enclosure whose framework was constructed of steel studding, with a round roof of transparent vinyl and uncovered side walls (vinyl-house). Plants were grown for one month. 5) Root system sampling. Stainless nails (2.7 cm length) were vertically driven on a plywood board (30 cm width, 45 cm length and 7 mm thickness) in raws at equal intervals of 1 cm to make a pinboard. The other board was screwed on this board as backing. This pinboard was used for sampling of root system ( Fig. 1-A) .
In addition, a folio of holed polyethylene sheet was used to facilitate sampling, handling of the root system and its preservation ( Fig. 1-B) . A transparent polyethylene bag, 0.08 mm thickness, 30 cm width and 45 cm length, was used as a material of the polyethylene sheet. The bag was holed by a punch of 5 mm diameter, originally used for leather-craft, at equal intervals to those of nails on the pinboard. Both sides of the bag were cut apart to make the folio of holed polyethylene sheet.
The sampling procedures were as follows ; (1) The root box with a plant was submerged for 30 min to moisten and soften the soil, then the above-ground part of the plant was cut off near the soil surface. (2) The root box was laid down on a desk so that the removable wall was in upside position. The clips and the mirror sheet were taken off, and then the removable wall was taken off sliding toward the top of the box. (3) Each nail on the pinboard was put into each hole in a half part of the polyethylene sheet. The pinboard with the sheet was placed in the nail side down on the soil profile of root box and pressed. (4) The box with the pinboard stuck on it was upset. When the box was slid downward gently, soil monolith with root system was left on the taking off the removable wall of the box, the soil profile was divided quartersect along vertical direction and trisect along horizontal direction to make twelve soil blocks by a cutter knife. Then about 100 g of the soil was collected quickly from each block into weighing bottles by a spatula. After drying in a oven at 105°C for 24 hr , dry weights of the soil were determined.
3) Measurement of soil temperature in the root box. Soil temperature was monitored by the use of a multi-point temperature recorder with thermistors. The measurement was started 24 hr after submergence (October 15, 1986) and continued for subsequent 48 hr as follows; small holes were made on a flank wall (2 cm width) of the root box at the distances of 5 cm, 20 cm and 35 cm from the upper surface, then thermistors were carefully inserted horizontally into the holes up to 12.5 cm so that they would not contact to the wall.
RESULTS

Distribution pattern of soil porosity in the root box
The distribution pattern of soil porosity has effects on the root growth through the distribution and the movement of soil water, and air permeability of soil. Therefore, it is important for root system study to prepare a uniform distribution of soil porosity in the root box. Table 1 indicates that the filling-up procedures of soil into the root box used in this study gave highly reproducible as well as uniform soil porosity distributions in the root boxes.
Time course changes of distribution patterns of soil moisture in the root box
The results are shown in Table 2 . Reflecting the evenness in porosity distributions, no significant difference was found among three blocks in each soil layer at a given depth both in the distribution and the movement of soil water expressed by water content.
The maximum water holding capacity of this soil obtained by Hilgard's methods4) 3. Effects of the mirror sheet on time course changes of soil temperatures in the root boxes placed inside and outside of the trench Figure 2 -A shows daily changes of air temperature both inside and outside the vinyl-house. As shown in Figs. 2-B and 2-C, diurnal changes of the soil temperature in root boxes clearly depended on their places. The mirror sheet showed highly preventive effects against the rise of soil temperature. However, when the root boxes were placed in the trench, the pattern of changes of soil temperatures in the root boxes showed little difference whether they were covered with the mirror sheet or not. The pattern of changes of soil temperature among the three layers in the root box placed in the trench was similar to that generally observed in the field soil in summer season, that is, as the soil depth increases, ranges of diurnal variation of soil temperature diminish, the times attained both to the maximum and the minimum soil temperatures delay and the maximum soil temperature lowers.7)
On the contrary, daily changes of the soil temperature in the root box placed on the ground surface were remarkably affected by heat conduction from the ground (Fig.  2-B) . The temperature of the bottom soil layer began to rise with sunrise, reached to the maximum around noon which was highest among the three layers, then lowered as the sun was going down. Thus, diurnal ranges of the soil temperatures were widest in the bottom layer among the three layers regardless of with or without the mirror sheet. In the sunny morning, the rise of the soil temperature was slowest in the middle plates). Prior to taking photographs, these root systems were stained with 0.25% of Coomassie Brilliant Blue R solution for 2 hr. Note: no differences in contrast between nodal roots and high order laterals were observed . Unit of scale on each plate (left side) is cm.
layer for the box covered by the mirror sheet and in the top layer for the naked box among the three layers.
These results indicate that the root boxes in which plants grow should be placed under the ground to offer nearly natural soil temperature environments to plant growth . The mirror sheet was effective to prevent the propagation of algae when a transparent root box was used, although its effects on soil temperature control was not clear when ours, most of the methods of root system studies have paid little attention to preserving root system samples. For detailed and quantitative determination of root system members in relation to root system structure and soil environmental factors, the sampled root systems need to be preserved for a long time. Although Schuurman and Goedewaagen2' described the use of transparent thin polyethylene sheets for preservation and taking photograph of roots, their usage was limited only to making dry root specimen with glue and to transfering the rearranged roots on the sheet to the light box for photography. In photographs of root systems shown in Fig. 3 , even fine lateral roots of higher orders were identified as clearly as nodal roots. This result indicates the possibility that these photographs can be subject to image analysis for determining root system members. To get an optimum contrast among root system members, three kinds of dye were examined. Among them Derafield's hematoxylin aqueous solution was most inferior in dyeing power, especially for the samples preserved in FAA. Both solutions of Amido Black 10 B and Coomassie Brilliant Blue R for electrophoresis of protein gave similarly good results. Since a lot of methanol and acetic acid were needed for the preparation of Amido Black 10 B solution, Coomassie Brilliant Blue R solution whose preparation was easier and more economical, was selected finally as the staining solution in our study.
In addition, sampling time required in the present method was only around 15 min per sample per person.
The results of qualitative and quantitative analysis of the root systems sampled by this system were reported elsewhere. [17] [18] [19] The experimental system in our study offers high reproducibility in obtaining root system samples of a given species. Besides, it enables us to collect the whole intact root system members, We, therefore, believe firmly that this revised root-box method is a useful experimental system for future studies of the root system characters of crop plants and root-soil interaction. 
